Solid pseudopapillary neoplasm of the pancreas (SPNP) is considered as a tumor with low malignant potential. Little is known about how its molecular heterogeneity is involved in its pathogenesis. We aim to evaluate tumor heterogeneity by immunohistochemistry (IH) and proteomics in three macroscopically distinct areas. Tumor fragments were obtained from a 12-year-old female patient. We identified by mass spectrometry (MS) 1,427, 5,786, and 4,298 proteins for each sample, 1,337 being common to all fragments. Several MS results were immunohistochemically validated. Our results demonstrate unique intra-tumor protein profiles based on its heterogeneity.
Introduction
Intra-tumor heterogeneity has been recognized for a long time in different phenotypic features, such as cellular morphology, metabolism, proliferative and metastatic potential [1] . The intra-tumor phenotypic heterogeneity of solid pseudopapillary neoplasm of the pancreas (SPNP) is widely described in the literature [2] [3] [4] , but it is poorly understood at a molecular level. It consists of a heterogeneous mixture of functionally distinct cells [4] . SPNP is a rare neoplasm of uncertain cell line, with both low potential for malignancy and excellent prognosis for most patients [5] . It accounts for about 1% to 3% of all exocrine pancreatic neoplasms [6] . SPNP occurs mainly, but not exclusively, in young women [7] including those in childhood and adolescence [8] . Its clinical course is prolonged and indolent, and the disease is usually asymptomatic; some signals and symptoms include the appearance of a palpable mass, abdominal pain and discomfort, and nausea [5] . SPNP is characterized by a solid-cystic growth, with pseudopapillary structures [5, 9] . Surgical resection is the treatment of choice and usually leads to a good prognosis, even if there are distant metastases or recurrence [10, 11] . Despite the diverse studies using electron microscopy and immunohistochemistry (IH), the cellular origin of this tumor remains uncertain, and it is hypothetically suggested that its ontogeny is of a multipotential primitive cell [12, 13] . Some authors [14] have suggested an extra-pancreatic origin due to the several reported cases of the primary tumor at different sites, such as ectopic pancreas [15] , retroperitoneum [16] , gastroduodenal area [17] , and ovary [18, 19] .
Neoplasia consists of a heterogeneous mixture of functionally distinct cells and the SPNP expresses a variety of immune markers in heterogeneity [4, 5] . Based on these reports we evaluated the molecular heterogeneity of this neoplasia. We used mass spectrometry (MS) to identify proteins in three different areas of the tumor and compared the results with the immunohistochemical panel. This is a rare tumor in a child, which until now has not been reported about a lot. Although this is a tumor of low malignancy, a recent study showed a methylation of P16 gene that can represent a potential malignancy [20] . As far as we know, this is the first study that compares the results of the proteomics analysis with the routine IH.
Pediatric Solid Pseudopapillary Neoplasm
Int J Clin Pediatr. 2018;7(4):63-68 medicines before the diagnosis. The physical examination on admission revealed a palpable mass with a diameter of 10 cm in the right hypochondrium. The patient was eupneic and anicteric. The heart rate was 90 beats/min, the blood pressure was 102/60 mm Hg and the axillary temperature was 35.5 °C. Laboratory findings (complete blood count) showed red blood cells of 4.89 × 10 6 /mm 3 , hemoglobin of 13.6 g/dL, hematocrit of 41%, leukocytes of 5,700/ mm 3 (0/0/0/1/61/32/4), and platelets of 219,000/mm 3 . Biochemistry showed sodium of 145 mEq/L, urea of 13 mg/dL, creatinine of 0.7 mg/dL, and acidic acid of 3.6 mg/dL. Hepatogram showed aspartate aminotransferase (ASAT) of 56 U/L, alanine aminotransferase (ALAT) of 135 U/L, alkaline phosphatase of 771 U/L, and gamma glutamyl transferase (GGT) of 286 U/L. On hospital admission, a computed tomography (CT) scan of the chest and abdomen was performed.
The CT of the abdomen showed a rounded and heterogeneous mass in the head of the pancreas, with 6.7 (transverse (T)) × 6.3 (anteroposterior (AP)) × 6.4 (longitudinal (L)) cm, suggestive of an SPNP (Fig. 1a) . The patient was submitted to Whipple's surgery and continued to be accompanied in the hospital outpatient clinic with no intercurrences. The surgical specimen was referred to the Pathology Anatomy Service of the hospital. After gross description, samples were collected from three distinct areas from fresh tumor. Then the surgical specimen was immersed in 10% buffered formalin for further histopathological study (Fig. 1b) . The patient continues to be regularly monitored at the hospital every 3 months by the outpatient clinics of Surgery, Pediatric Gastroenterology and Nutrology and has not presented any intercurrences so far. Pancreatin (Creon R ) is used four times a day. The last laboratory examination (complete blood count) evidenced red blood cells of 4.56 × 10 6 /mm 3 , hemoglobin of 12.3 g/dL, hematocrit of 36.8%, leukocytes of 4,130/mm 3 (1.2/2.2/-/52.8/34.6/9.2), and platelets of 255,000/ mm 3 . Hepatogram showed ASAT of 30 U/dL, ALAT: 24 U/dL, alkaline phosphatase, 100 U/L, and GGT of 14 U/L.
By macroscopy, we observed, in the head of the pancreas, a rounded mass measuring approximately 6.0 cm in diameter with a firm and elastic consistency, apparently encapsulated. The sections were whitish in color, with peripheral solid areas, 
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and sometimes granular or otherwise softened areas, associated with hemorrhage ones (Fig. 1b) . By conventional microscopy, histopathological examination of hematoxylin and eosin-stained histological sections revealed neoplasia consisting of eosinophilic (Fig. 2a) or light cytoplasmic cells (Fig. 2b) with rounded or ovoid nuclei, with regular or slightly grooved contours, with uniform chromatin, occasional nucleoli, and about six mitoses in 10 chromogranin A (CgA). These cells were polyhedral, without cohesion, constituting cell masses. They were often arranged perpendicularly around a delicate, fibroconjunctive axis, forming a pseudopapillary aspect, at which time the cytoplasm appeared more elongated and the nuclei were located at the apical cellular border (Fig. 2c) . Hemorrhagic areas were also observed. The neoplasia was isolated from the pancreas by fibrous band and the adjacent pancreatic parenchyma did not present significant histological alterations.
In terms of proteomics, all three samples were pulverized with liquid nitrogen and then leased by immersion in a solution with 0.2% of RapiGest™ (w/v) in 50 mM triethylammonium bicarbonate [21] . The validation of peptide-spectrum matching (PSM) and label-free quantification analysis were conducted as previously described [22, 23] . Our proteomics results identified 34,173 mass spectra mapping to 7,321 peptides leading to the inference of up to 7,663 proteins, being 1,629 proteins according to maximum parsimony and 613 having at least one proteotypic peptide. Figure 3 shows a Venn diagram demonstrating the uniquely identified proteins according to each biological sample; it only considered proteins identified in at least two technical replicates. The analysis of proteins localized in tumor fragment 1 disclosed 1,427 proteins (17 unique), 5,786 in fragment 2 (1,775 unique) and 4,298 in fragment 3 (318 unique). A list of the proteins corresponding to each of the diagram's area according to tumor location are available in the Supplementary 1 (www.theijcp.org).
MS validation by IH
The immunohistochemical assessment was positive to the antibodies against β-catenin, CD99, CD10, CD56, progesterone receptor, and Ki67. Reactions with anti-synaptophysin, anti-Ecadherin and CgA were negative. β-catenin expression was observed in nuclear and cytoplasmic location, with irregular cell distribution in the three fragments examined, the progesterone receptor was nuclear diffusely, and the CD10 was expressed with diffuse cytoplasmic granular pattern and the CD56 with apical membrane expression. The proliferation index by nuclear Ki67 was about 8%. CD99 antibody was negative in blocks 1 and 3 and positive in block 2, with a typical perinuclear granular pattern for this tumor (Fig. 4) .
Comparison between IH results and those obtained by MS
Immunohistochemical and MS analysis were both negative for CgA. β-catenin was positive in both IH and MS. CD99 was positive in both fragments labeled as 2 for MS and IH. CD10 and progesterone receptor were only positive in IH. CD56 was only negative in fragment 1 for MS. E-cadherin was only positive by proteomics for fragments 2 and 3. Synaptophysin was only negative in fragment 1 for MS and in the three fragments in IH. The results are represented in Table 1 .
Discussion
We reported a pediatric case of SPNP removed by partial pancreatectomy from a female 12-year-old patient, where heterogeneity was found on the macroscopy. A molecular analysis was done, comparing the IH with the proteomics.
The intra-tumor heterogeneity is recognized as a process with great clinical importance and is related to pathological observation of different tumoral areas [24] associated with cancer progression, resistance to therapy, and recurrences [24, 25] . In our study, we observed the heterogeneous morphological aspect of SPNP by gross and histopathological examinations. The expression of different antibodies that identify several cell lines associated with differentiated immunoreactivity of one antibody (CD99), in relation to the three paraffin blocks used in the immunohistochemical reactions, suggests that there is also a heterogeneity of this neoplasm from the point of view of its immunophenotyping markers.
This fact demonstrates the importance of immunohistochemical analysis of more than one tumor fragment. CD99 paranuclear dot-like immunostaining is a key immunohistochemical staining feature for diagnosis of SNP and could be used to differentiate SPPT from other pancreatic tumors [9] . Although the reactivity to the CD99 was not uniformly observed among the blocks examined, it was not possible to compare this aspect with other reports, since no similar approach was found in the literature in relation to the study in different areas of the same tumor. A recent report emphasizes the importance of histopathological and molecular analysis of different fragments of the same tumor to obtain a better detection of intra-tumoral heterogeneity [26] . Some authors have used this system in the evaluation of tumors of the urinary bladder, stomach and large bowel [24] . However, for pancreatic neoplasms and especially Pediatric Solid Pseudopapillary Neoplasm Int J Clin Pediatr. 2018;7(4):63-68 for SPPN, no reports were found. Proteomics revealed proteins common to the three fragments and several uniquely identified proteins in each fragment. β-catenin was identified by both proteomics and immunochemistry. Mutations in exon 3 of the β-catenin gene are observed in most SPNPs [27] [28] [29] . These mutations interfere with the degradation of the β-catenin protein that accumulates in neoplastic cells and is translocated to the nucleus where it increases the transcription of c-myc and cyclin D1 [27, 29] , resulting in abnormal nuclear accumulation observed by IH in most SPNPs. Dysregulation of β-catenin/E-cadherin complex may be responsible for the lack of cell cohesion resulting in the typical cystic and pseudopapillary appearance of this neoplasm [30] . The aberrant E-cadherin expression is dependent of the cellular domain recognized by the antibody utilized: immunonegativity (extra-cellular domain) or nuclear reactivity (cytoplasmic domain) [31] . In our study we used antibody anti-E-cadherin that recognizes the extra-cellular domain, which could explain our results, where this protein was identified only as positive by MS in fragments 2 and 3. CD99, with a perinuclear granular pattern, is considered to be one of the main markers in the diagnosis of SPNP [27] [28] [29] ; however, its positivity was observed in only one of the blocks by IH and MS. CD56, with immunoreactivity in the three blocks submitted to IH, was identified in the MS in two of the fragments. The progesterone receptor, present in the three fragments to IH, was identified by MS in two of the fragments, not as a nuclear receptor, but as membrane-associated progesterone receptors 1 and 2 [32] [33] [34] , associated with a noncanonical pathway of that receptor. Different studies have examined the membraneassociated progesterone receptor in male and female reproductive tracts, the liver, neuroendocrine tissues, the immune system and breast and ovarian cancer [35] . However, as far as we know, there are no reports about SPNP. CD10 also detected in the three fragments submitted to the IH was not observed by MS. We presume that proteins undetected by MS, but verified with IH, are lowly abundant and thus insufficient for detection by MS when in a complex protein mixture. Another possibility is that the heterogeneous aspect of the tumor is responsible for the deficiency of a certain protein, considering the small size of the fragment obtained for molecular analysis. In conclusion, as far as we know, this is the first molecular case study report comparing different areas of the same tumor by IH and MS and showing the SPNP molecular and immunohistochemical heterogeneity. SPNP is a rare tumor in children [36] . Lee et al demonstrated different clinical features in adults and children [37] . The study of this case can lead to a personal therapy for the disease, since we can find patterns of the protein expression in children. Also, with further studies it is possible to find a marker for possible malignancy and to develop preventive treatments.
